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[57] 


ABSTRACT 


A computer system includes a housing, a motherboard, a 
iirst module and a second module. An electrical connector 
on the motherboard is joined to and in electrical communi- 
cation with an electrical connector on one of two opposing 
surfaces of Ihe first module, and an electrical connector on 
the second module is joined to and in electrical communi- 
cation with another electrical connector on the other of the 
opposing surfaces of the first module. An electrically con- 
ductive path connects the two electrical connectors on the 
opposing surfaces of the first module. The motherboard 
transmits electrical signals corresponding lo a module iden- 
tifier to the first module through the motherboard*$ joined 
electrical connector. An electrical device on the first module 
in the electrically conductive path modifies the electrical 
signals so that they correspond to a second module identifier. 
The modified electrical signals corresponding to the second 
module identifier are transmitted to the second module via 
the electrically conductive path through the electrical con- 
nedor on the first module that is joined to the electrical 
connector on the second module. 

24 Claims, 15 Drawing Sheets 
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METHOD AND APPARATUS FOR An alternative type of electricaJ connector is a stackable 

INTERCONNECTION OF MULTIPLE through^holc connector, which is male on one side and 

MODULES female on the other Modules with these connectors are 

FIELD OF THE INVENTION stacked thus: die male portion or pins of a first stackable 

5 connector penetrates the module, with the female portion of 

This invenUon relates generally to electrically intercon- a second stackable connector receiving the pins on the 

necting any number of modules within an electronic device module's other side; then the pins of the second stackable 

enclosure, and, more particularly, to electrical signal com- connector penetrate a second module, with the female por- 

mumcauon between the modules using a con^uter system tion of a third stackable connector receiving them on the 

bus formed by the mtcrconncction of modules. lo second module's other side; and so on. However, trying to 

BACKGROUND secure the stackable connector to the module causes difii- 

Every computer system uses several busses as commu- '^^'^ ^r^L^'^^.^'^'^ I'^l stackable coanector to a 

nicaUon pathways intercoDnecting two oc more electrical J^^^t ^^L^M hv rln . "f^ '7 

devices. Computer system makers have devised a myriad of „ ^ilJ^lf/!!*'^' ^^1^^ TTwefore mstead. 

system bus toigns in an effort to produce a bus staicture " ^T^' °^ connector ,s typically 

, . » ^ . . ouuviuic force-fit onto the pins. The drawback of force-fitting. 

One bus design, commonly referred to as a backplane, ^^l^^^'^' ^ miplementation using such stackable 

produces a bus.^ lumiing clectricaUy conductive traces or ^ '''^TLT.'^L'^'V^^^^^^^ JT ^ ^ 

paflis along a motheiboafd. At designated locations along "^<^nJy /^^^d by each module attached to the bus. 

the bus. electrical bus connectors mounted atop thes^ A^^^^d^gly- this implementetion cannot support discrete 

traces so that the electricaUy conductive contacts of die bus f^'J'^^^^Bn^^ paths to each module without significant 

connectors make electrical contact with the traces. Modules "^"^f s Yet without this capabUi^. 

or circuit boards electricaUy and physically attach to the „ vanety of bus configuiat.^ 

backplane by plugging into these bus connectors. All mod- interconnected stack of modules is greatly lumted. 

ulcs thus attached to the bus can electrically communicate foregoing reasons, there is need for an improved 

wiA each other. module iAterconnection that can produce a communication 

However, a backplane bus has some limitations. First a ^ computer system which provides for discrete 

backplane bus uses a substantial amount of a motherboard's 30 ^^"^ f'^f pafts yet avoids the problems of the 

surface area. Second, since a backplane bus is gcneraUy afwcmcnUoncd ^proaches. 

pre-configured to accommodate a specific number of plug-in SUMMARY OF THE INVENTION 
modules, computer systems that require fewer tfian the 

allotted number of plug-in slots waste the unused bus ^ o^"* °f invention is to implement a con^HJta 

connectors and valuable motherboard space. Third, those 35 system bus by interconnecting modules without the use of a 

computer systems needing more than the allotted number of backplane. 

plug-in slots are subsequently limited. Lastly, because a Another object of the invention is for any bus implemen- 

bac]q)lane bus nonnally has electrical signal paths that arc tation to be able to support discrete electrical signal paths to 

common to every module plugged into the bus, for the bus each module that is a part of die bus without the need for 

to support discrete electrical signal paths among modules 40 customized module naanufacturing. 

generally requires handcrafting. However, the customizing Another object of the invention is reliable interconnection 

of the electrical signal paths by cutting traces during manu- among the modules that makes efELcient use of module and 

facturing adds cost and is difficult to reverse in the event of con^uter system ^ace. 

In a broad sense, die present invention includes a first 

Another class of bus designs produces busses without a 45 circuit board and two electrical connectors, one on each of 

bacl^lane. These busses are formed by stacking together the opposite sides of the first circuit board. An electrically 

circuit boards or modules in modular fashion, joining each conductive path connects the two electrical connectors, 

board or module to the next one by the electrical connectors Further, each of the two electrical connectors is for joining 

mounted thereon. The electrical contacts of these electrical to and electrically communicating with an associated elcc- 

connectors perpetuate the electrical signal paths from mod- 50 trical connector on another circuit board. Therefore, when 

ule to module, and, in some cases, form part or all of die the two electrical connectors on the first circuit board are 

electrical signal paths themselves. Their modular construe- joined to associated electrical connectors on other circuit 

tion allows the busses to expand or contract as the computer boards, electrical signals received by one erf the two elec- 

system requires, dispensing widi any limiting ot wasteful trical connectors from the associated electrical connector 

predetermined number of bus connectors. 55 joined thereto are supplied to (he other associated electrical 

Nevertheless, the type of electrical connecton used to connector through the other of the two electrical connectors 

interconnect the modules introduce their own particular via the electrically conductive path. Also, an electrical 

limitations. One example of a commonly used electrical device is in the electrical path between the two electrical 

connector for a backplane>less l>us is the through-hole connectors on the first circuit board, and acts upon the 

connector. Because the pins of through-hole connectors 60 electrical signals that are transmitted through it. 

completely penetrate die module, two through-hole connec- In one embodiment, the electrical device modifies die 

tors cannot be mounted on opposite sides of die module. electrical signals before diey are passed firom the first circuit 

directly opposite each odier, witfiout their pins interfering board to an associated circuit board. This modifying of die 

with cadi other. Therefore, for two through-hole connectors electrical signals enables the transmission of unique clectri- 

to be mounted on opposite sides of the module, diey need to 65 cal signals to that associated circuit board. When this feature 

be staged so that diey arc unaligned or offset from each is available to each circuit board that is a part of die bus. then 

other. This uses more module surface area. each circuit board receives its own unique electrical signals. 
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Each circuit board then uses its unique electrical signals to 
identily discrete electrical sigoal paths in the computer 
system bus that are designated for that circuit board. Another 
feature of the invention is to have the two electrical con- 
nectors on the opposite sides of the first circuit board so that 
they are aligned opposite to each other. 

In another embodiment, the invention includes a circuit 
board with two opposing surfaces. On each of the two 
exposing surfaces is an electrical connect(H- having an 
electrically conductive contact that is secured at that surface. 
The two electrically conductive contacts are laterally offset 
from each other and electrically connected to each other by 
an cicctncally conductive path. In one embodiment, the two 
electrical connectors are aligned opposite to each other. 
Thus, the invention makes possible electrically conductive 
paths between electrically conductive contacts that are not 
necessarily opposite each other on opposing surfaces of the 
circuit board. Because of this flexibility, those bus configu- 
rations that need to change the relative contact position 
within an electrical connector of electrical signals as they are 
transmitted from one electrical connector on the circuit 
board to the next, can be implemented. 

The invention offers several significant advantages. For 
one. the invention allows for efficient use of circuit board 
and computer system space and resources. Moreover, the 
invention enables the implementation of a wide variety of 
bus configurations wi&out using a backplane because it 
provides for discrete electrical signal paths to each module 
that is part of the bus. Also, system bus esipansion is not 
limited to a preconfigured number of bus connectors, nor are 
bus connectors wasted should the number of desired mod- 
ules be less than that preconfigured number. Further, vertical 
and horizontal stacks of interconnected modules are both 
configurable within a computer systeno. 

Other objects, features, and advantages of the present 
invention will become apparent in the course of the follow- 
ing description and by reference to the accompanying draw- 
ings. 

BRIEF DESCRIPnON OF THE DRAWINGS 

FHj. 1 is a isometric view of a counter system that 
incorporates a module stack embodying the princ^les of the 
present invention; 

FIG. 2 is an exploded isometric assembly view of the 
con^uter system and the module stack; 

FIG. 3 is a cross-section side view along line AA' in FIG. 
1 from the direction as Indicated by arrow 92 of the module 
stack; 

FIG. 4 is a cross-section front view along line BE* in FIG. 
1 from the direction as indicated by arrow 100 of the module 
stack; 

FIG. 5 is a cross-section side view along line AA' in PIG. 
1 of the intermediate circuit board having two electrical 
connectors thereon in aligtunent. an electrically conductive 
path t>etween the two electrical connectors, and an electrical 
device in the electrically conductive path; 

no. 6 is a cross-section front view along line BB' in FIG, 
1 of the intermediate circuit board having two electrical 
connectors thereon in alignment, an electrically conductive 
path between the two electrical connectors, and an electrical 
device in the electrically conductive path; 

no. 7 is an overhead view of a male surface mount 
electrical connector; 

FIG. 8 is an overhead view of a female surface mount 
electrical connector; 


4 

FIG. 9 is a isometric view of an alternative computer 
system that incorporates the principles of the present inven> 
tion; 

FIG. 10 is an exploded isometric assembly view of the 
5, alternative conoputer system; 

FIG. 11 is a cross-section side view, along a plane like the 
cross-section view of the intermediate circuit board in RG. 
5. of an alternative intermediate circuit board having the two 
electrical connectors thereon in alignment, an electrically 
10 conductive path between the two electrical connectors, and 
an electrical device that is not in the electrically conductive 
path; 

FIG. 12 is a cross-section side view, along a plane like the 
cross-section view of the intermediate circuit board in FIG. 
5, of an alternative intermediate circuit board having two 
electrical connectors thereon that are not showing 
alignment, an electrically conductive padi between the two 
electrical connectors, and an electrical device in the electri* 
caily conductive path; 
FIG. 13 is a aoss-sectioo side view, along a plane like the 

^ cross-section view of the intermediate dicuit board in FIG. 
5, of an alternative intermediate circuit board having two 
electrical connectors thereon that are not showing 
alignment, an electrically conductive path l>etween the two 
electrical connectors, and an electrical device that is not in 

25 the electrically conductive path; 

FIG. 14 is a cross-section front view, along a plane like 
the cxoss-section front view of the intermediate circuit board 
in FIG. 6, of an alternative intermediate circuit board having 
two electrical connectors thereon in alignment between, an 

30 electrically conductive path between the two electrical 
connectors, and an dedrical device that is not in the 
electrically ccmdudive path; 

FIG. 15 is a cross-section front view, along a plane like 
the aos»-section front view of the intcnnediate circuit board 

35 in FIG. 6, of an alternative intermediate circuit board having 
two electrical connectors fliereon that are not showing 
alignment, an electrically conductive pad) between the two 
electrical connectors, and an electrical device in the electri- 
cally conductive path; 

^ FIG. 16 is a cross-section front view, taken along a plane 
like the cross-section front view of the inteamediate circuit 
board in FIG. 6. of an alternative intermediate circuit board 
showing two electrical connectors thereon without align- 
ment and an electrically conductive path that does not go 
through the shown electrical device; 

FIG. 17 is a block diagram of an Unibus arbitration 
section; 

FIG. 18 is a side view of an embodiment of a module 
^ stack that implements the Umbus art^tration section accord- 
ing to the principles of die present invention; 

FIG. 19 is a side view of an embodiment of a module 
stack that implements transmitting module identifiers 
according to the principles of the present invention; 
55 FIG. 20 is a side view of an embodiment of a module 
stack that implements dedicated input bus signal lines 
according to the principles of the present invention; 

FIG. 21 is a side view of an embodiment of a module 
stack that ln:4>lements dedicated output bus signal lines 
^ according to the principles of the present invention; 

FIG. 22 is a side view of an embodiment of an interme- 
diate circuit board that implements multiple dedicated out- 
put bus signal lines according to the principles of the present 
invention; 

65 RG. 23 is a side view of an embodiment of an interme- 
diate circuit board that implements PQ-bus arbitration 
according to die principles of the |xcsent invention. 
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DETAILBD DESCRlPnON board 32 to conduct electrical signals therebetween. Elec- 

„^ , , ... trical connector 68 is associated with electrical connector 58 

no. 1 shows an .sometr.c view of a computer system 10 ^^^^ electrically communicates 

thai composes an upper chassis 12 and a Icwer chassis 14. ^.^ ^^^^ ^^^^^^ intermediate circuit 

and mcoiporates a veitica^ inodu e stack 16 (see HG. 2). ^j^^^.^ 33 j^j^^ Mechanical 

Computer system 10 has fron waU 18 With honzontal skts ^^^^ ,^ ^^^^^ 54 „f 

20 for venung h«t that emanates from U,e electromc devices ^ ., 

housed within. From wall 18 ^^^o has slot 22 for recc.vmg boarj 32. ae^^al connector 58 comprises a contact region 

a storage device, diskette. Upper diassis. 12 7, ,„j , „gioa 72. Electrically-conductive leads (or 

has sidewalk 2*,. 24&thathaveholes26foradd.uonalheat contacts) 74 in contact region 70 emanate from 

eleclrical connet^r 58. Leads 74 are secured on major 

Referring now to FIG. 2. die exploded view of computer surface 54 and electrically connected to electrically conduc- 

system lOreveals the vertical stack 16 of modules, shown as ^ ^^^j including 66* €€b. 66c, by soldering. 

thr« circuit bo«ds 28. 30. 32 Each circuit board in the ^ clectricaUy con- 

noditle sU(*16U di^ed substanually i^el to adjacent ^ connector 58 by 

circuit boards. The bottom ctrcuit board 28 has two m^or conductive trace 66« for sending or receiving 

cpp^tog surface 36 38 and is removably secured to b«c ^ ^j^^^ , 42 is elec' 

M of the ower chassis 14 by any sintoblcfasteiungm^^^ 74 by the 

M a r«ult. major surface 36 abuts ^f'^^*^^*^ dec JcaUy-conductive trace 66*, and electrical device Mis 

38ca™s BC«tralproc«sor40.anelecto«acOT dectricaUy comiected to yet another of the leads 74 by 

and eleetri«jUyHcond««Uve 44fe electricallj-conductive Je 66c for sending or rec^ivin^ 

cally connec* the central processor 40 to the dectacal J ^ , ^4 ^^^^^^^ 

connector42forconductmgeleemcalsignalsbetweenthem. 8^ of electrical connector 58 and occupies a 

aectrical connector 42 is a receptacle ot female surface nu,nbered position therein (see FIG. 8). Each of the leads 74 

mount connector, such as the comracrdally avaiUble model ^ ^^^^ electrical connector 58 corresponds to that lead 

52602-0509 50 circuit recepUcle connector manufactured dectrical connector 56 whidi occupies die same 

by Molex. and comprises a contact region 46 and mating nu^bensd position in the male electrical connector as its 

region 48. As shown, contact region 46 has electrically- ^ numbered position in the female electrical connector, 

conductive leads (or dectrical contacts) 50 that emanate since dectrical connectors 56. 58 arc aUgned. corresponding 

from the electrical connector 42 and are on major surface 38. 30 j^^^ directly opposite each other on opposing surfaces 

Uads 50 are secured on major surface 38 by soldering, and intermediate dicuit board 30. 

are dectricaUy connected '^^''^'fy^;^^^^^^^^! THe top drcuit board 32 shown in HG. 2 has two major 

th«eon. mcluding traces ^^^^^^.^^^^ opposing surfaces 76. 78. As shown. maj«» surface 76 of the 

extends into die matmg region 48 of dectncal connector 42 PP^i^ ^ ^ intermediate 

uid has a numbered posiUon th«eia 33 ^oard 30 and carries dectrical comiector 68. 

p,emte«med«tec.rcuitboKd30*owninRG 2^ 

inajor opposmg surfaces 52 54, and w mterposed be»»^n commercUll? available model 53408- 

arcuit boarfs »• 3Z As *own. r^^T^ « of 0509 50 plug connecter manufactiied by Molex. and is for 

mtcnnediate Circuit board 30 faces major suifaoc 38 Of m : . . / *. , ^.u,^ •i*^frj/.ai 

bottomdrcuitboard28.andcaniesd«i«calconnector56. 40 Jommg lo «>d «i«=!"^>J»^,°^f^^^ 

Electrical connector 56 is a plug or male surface mount <>• ^.t ,^»^„ i t 

, ^. . . , _ -.1 ciAno clectocal signals therebetween. Electrical connector 68 is 

0509 50 cicuu plug connector man«^a*Kd by^^^^ dectricaUy communicates with electrickl connec- 

IS for puung to and electncally comroumcatmg with asso- : . ^ •* %^„a 

• * ^ I 4^ 1 ^« *u K«*,^ tor 56 when the top caaiA board 32 and the intermediate 

aated electrical connector 42 on the bottom circuit iKxaro 25 45 . ^ -an ' * ed. 

to conduct electrical signals therebetween. Electrical con- ctrcml Doara 3U arc joinea. , , ^ ^ 

ncctor 42 is associated with electrical connector 56 because On the otha^jor surface 78 of Ac top ckcu I board 32 

it physicaUy mates and electricaUy communicates with arc Arce electrical devices 80, 82, 84 and clectncally- 

electrical connector 56 when the bottom circuit board 28 and conductive traces 96a, 96b, 96c for conducting elcctaca^ 

the intcmiediatc circuit board 30 are joined. Each of the 50 signals thereon: electrical device 80 is electrically connected 

leads 50 of the electrical connector 42 coircsponds to that to trace 96a; eleclrical device 82 is electrically connected to 

lead 105 (see HG. 7) of the electrical connector 56 which trace 96b; and dectrical device 84 is clectricaUy connected 

occupies the same numbered position in electrical connector to trace 86c. Traces 86^ 8tt, Wc are electricaUy connected 

56 as its own numbered position in the electrical connects to eleclrical connector 68 through the tc^ dicuit board 32. 

42, When electrical connectors 42, 56 are joined, coirc- 55 Lower chassis 14 of computer system 10 has a rear wall 

spending leads become electrically connected to each other. 88 that includes apertures 90 through whidi elecdrical 

Mechanical spacers 57a, S7b, secured on major surface 38 devices on circuit boards 30, 32 electrically conamunicatc 

of the bottom drcuit board 28. attach to and support the with electrical devices that are external to computer system 

intermediate circuit board 30. 10. 

On the other major surface 54 of the intermediate circuit 60 Referring now to FIG. 3, electrical connector 56 on 

board 30 are electrical connector 58. three electrical devices intermediate circuit board 30 is shown joined to and in 

60. 62, 64, and dectricaUy-condudive traces 66a, 66^, 66c. electrical communication with associated dectrical connec- 

Bectrical connector 58 is a receptacle or female surface tor 42 on lx>ttom circuit board 28. Also, electrical connector 

mount connector, such as the conunerdaUy available model 58 on intermediate circuit board 30 is joined to and in 

526Q2-Q509 50 drcuit receptacle connector manufactured 65 electrical communication with assodated dectrical connec- 

by Molex, and is for joining to and electrically communi- tor 68 on top drcuit board 32. An dectricaUy conductive 

eating with assodated dectrical connector 68 on top circuit path 94 connects the two electrical connectors 56, 58 on 
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intermediate ctrcuit board 30 sudi that electrical signals 
received by electricaJ connector 56 from the associated 
electrical connector 42 on bottom circuit board 28 are 
supplied along the electrically conductive path 94 to the 
associated electrical connector 68 on lop circuit board 32 5 
through electrical connector 58 on the intermediate circuit 
board 30. Inversely, electrical signals received by electrical 
connector 58 from the associated electrical connector 68 on 
top circuit board 32 arc supplied along the electrically 
conductive path 94 to the associated electrical connector 42 
on bottom circuit board 28 through electrical connector 56 
on the intermediate circuit board 30. The electrically- 
conductive path 94 includes electrically conductive trace 
660. 

As shown^ electrical device 60 is in the electrically 
conductive path 94 between the two electrical connectors 56 ^ ^ 
and 58 on the intermediate circuit board yO, Electrical device 
60 responds to the electrical signals that are transmitted 
^erethrough. Electrical devices 62 and 64 are electrically 
connected to electrically conductive path 94 via electrically- 
conductive trace 66a. ^ 

Also shown are electrically conductive paths 96 and 98 
traversing throu^ the module stack 16. Electrical devices 
62« 64 are electrically connected to electrically conductive 
paths 96. 98, respectively, via electrically conductive traces 
666. 66c, respectively (also see FIG. 2). ^ 

Refenring now to FIG. 4. the electrical connectors 42« 56, 
58, 68. of stacked circuit boards 28. 30 and 32 are joined as 
described in the discussion of FIG. 3. Electrically conduc- 
tive path 96 is shown connecting lead 95 of electrical ^ 
connector 58 and corresponding lead 97 of electrical con- 
nector 56. Lead 95 coiresponds to lead 97 because the 
numbered position in electrical connector 58 occupied by 
lead 95 is the same as the numbered position in electrical 
connector 56 occupied by lead 97. Electrically conductive 
path 98 is shown connecting lead 99 of electrical connector 
58 and lead 101 of electrical connector 56. Leads 99, 101 do 
not ccffrespond because they occupy different numbered 
positions within their respective electrical connectors. 

Referring now to FIG. 5, intermediate circuit board 30 is 4Q 
shown having electrical connector 56 on major siuface 52. 
Electrical connector 56 has an electrically conductive lead 
102. which is secured at majcv surface 52 and occupies a 
numbered position within electrical connector 56. 

On the opposing major surface 54 of intermediate circuit 43 
board 30 is electrical connector 58. which is shown to be in 
alignment with electrical connector 56. Electrical connector 
58 has dcctrically conductive lead 104 that is secured on 
major surface 54. and occupies a niunbered position within 
connector 58. Electrically conductive path 94 electrically so 
connects electrically conductive leads 104 and 102. As 
shown, electrical device 60 is in the electrically conductive 
path 94 between electrical connectors 56. 58. 

Referring now to FIG. 6, a front view of the intermediate 
circuit board 30 shows elccUical conncct<H^ 58 to be in 55 
alignment with electrical connector 56, and electrically 
conductive lead 104 to be laterally offset fr^m electrically 
conductive lead 102. Leads 102. 104 do not correspond 
because they occupy different numbered positions within 
their respective electrical connectors. 

Referring now to FIG. 7, a detailed view of electrical 
connector 56 on intermediate circuit t>oard 30 is shown 
looking into the mating region 103 of the electrical connec- 
tor 56. Each of the leads 105 of the electrical connector 56 
oca4)ies a numbered position, such as numbered positions 65 
107o-^ within mating region 103, and extends to the 
contact region 109 of the electrical connector 56. 
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Referring now to FIG. 8, a detailed view of electrical 
connector 58 on intermediate circuit board 30 is shown 
looking into the mating region 72 of the electrical connector 
58. Each of the leads 74 of the electrical connector 58 
occupies a numbered position, such as numbered positions 
111/3-4 within mating region 72. and extends to the contact 
region 70 of the electrical connector 58. 

In other embodiments in which opposing surfaces of a 
circuit board each have a male electrical connector each of 
the leads of one male electrical connector corresponds to 
that lead of the other male electrical connector which 
occupies the numbered position that is across from the same 
numbered position in the other male electrical connector as 
its own numbered position. For example, referring to FIG. 7. 
position 2 is aaoss from position 1 in electrical connector 
56, thus a lead in position 2 of a male electrical connector 
corresponds to a lead in position 1 of another male connector 
that is on the opposite side of a circuit board. 

In other embodiments in which opposing surfaces of a 
circuit board each have a female electrical connector, each 
of the leads d one female electrical connector conesponds 
to that lead of the other female electrical connector which 
occupies the numbered position that Is across from the same 
numbered position hi the other female electrical connector 
as its own numbered position. For example, referring to FIG. 
8, position 2 is across from position 1 in electrical connector 
58, thus a lead in position 2 of a female electrical connector 
corresponds to a lead in position 1 of another female 
connector that is on the opposite side of a circuit board. 

FIGS. 1-8 show a particular embodiment that incorpo- 
rates the principles of the invention. Other embodiments can 
have, for example, a module stack with mote or fewer than 
three circuit boards, as appropriate. Also, the circuit boards 
in a module stack can be stacked horizontally rather than 
vertically. Moreover, electrical connectors can be anywhere 
on die major surface of the circuit boards, and the electrical 
devices and electrically conductive traces can be on either 
major surface of a circuit board. Furtha. the electrical 
conne^ors on an intermediate circuit board can be both male 
connectors or both female connectors. 

Refdring now to FIQ, 9, a front view of an alternative 
computer system 106 is shown conqvising three modules, 
drawn as stacked system blocks 110. IIZ 114. and a trim 
block 116. System blocks 112, 114 are constructed so that 
their positions in the stack of system blocks are interchange- 
able. The stack of blocks can be expanded to include more 
interchangeable system blocks of similar construction. 
These additional blocks can be inserted anywhere between 
the trim 116 and the bottom system block 110, in accordance 
to the requirements of the computer system being config- 
ured. For illustration purposes, the system blocks 110. 112, 
114 are shown to have equal widths and lengths, so as to 
present an aesthaic computer system design, but other 
embodiments could interconnect system blocks of unequal 
lengths and widths. 

Referring now to FIG. 10. the exploded rear view of the 
alternative computer system 106 reveals the details of each 
system block 110, 112, 114. Bottom system block 110 
includes two electrical connectors llSa-b, a cover 120, a 
base 122. and two electrical devices 124. 126. Cover 120 has 
a slit 128. through which the electrical connectors 118a-^ 
extend when the cover 120 is joined to the base 122. 
Electrical devices 124. 126, which are secured to base 120. 
are a hard disk drive and a computer disk drive, respectively. 

Middle system block 112. as shown, includes a cover 130, 
a base 132, a logic board 134. and four electrical connectors 
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136a-6. 138o-f?, Electrical connectors 136c-^ are surface 
mounted on an opposing surface of logic board 134 than 
electrical connectors l^Sa-b, Cover 130 has 'a slit 140 
through which the electrical connectors I36a-b extend when 
the cover 130 is joined to the base 132. Logic board 134. 3 
which is secured to base 130. and the electrical connectors 
iy6a-b, \3Sa-b are subsequently enclosed. When middle 
system block 112 is stacked onto bottom system block 110. 
electrical connectors 138a-l> extend throu^ die slit 142 in 
the base 132 in order to join to and come into electrical lO 
communciation with electrical connectors 118a-6. respec- 
tively. 

Also shown, top system block 114 includes a cover 144« 
a base 146. a PCI option card 148. a connector board 150, 
four electrical connectors 152a--6. I54a-b, and electrical 15 
edge connector 156. Electrical connectors 152a~d are sur- 
face mounted on an opposing suiface of connector board 
150 than electrical connectors lS4a-b. Also attached to an 
edge of connector board 150 Is electrical edge connector 
156. which is for connecting the connecter board 150 to the 20 
PCI option card 148. Electrical edge connector 156 is 
electrically connected to the other electrical connectors 
lS2a-4}, I54(h-b on the connector board 150. Cover 144 has 
a slit 158 through which the electrical connectors I52a-b 
extend when the cover 144 is joined to the base 146. PCI 2^ 
option card 148. which is secured to base 144, and the 
connector board 150 with the attached electrical connecton 
are subsequently enclosed. When top system block 114 is 
stocked onto middle system block HZ electrical connecton 
154a-^ extend throu^ the slit 160 in the base 146 in <vder ^ 
to join to and come into electrical conmuinciatioD with 
electrical connectors 136a-b, respectively. 

Trim block 116 completes the alternative computer sys- 
tem 106 by providing a cover for the slit 158 of the top 
system block 114. 

Referring now to FIGS. 11-13. alternative embodiments 
of an intermediate circuit board are shown from a side view 
along a plane like the side view of the intermediate circuit 
board in FIG. 5. ^ 

In FIG. 11. the electrically conductive path 161 coanect- 
ing electrically conductive lead 162 of female dectrical 
connects 164 and electrically conductive lead 166 of male 
electrical connector 168 does not extend dirou^ electrical 
device 170 on a surface of intermediate circuit board 172. As 45 
shown, electrical connectors 164. 168 are aligned with each 
other, and electrically conductive leads 162. 166 are laterally 
offset from eadi other. Leads 162. 166 do not conrespond 
because they occupy different numbered positions within 
their respective electrical connectors. jq 

In FIG. 12, the electrically conductive patti 174 connect- 
ing electrically conductive lead 176 of male electrical con- 
nector 178 and electrically conductive lead 180 of male 
electrical connector 182 extends through electrical device 
184 on a surface of intermediate circuit board 186. As 55 
shown, electrical connectors 178. 182 are not aligned with 
ead) other, and electrically conductive leads 176. 180 are 
laterally offset from each other. Leads 176, 180 do not 
correspond because lead 176 does not occupy a numbered 
position diat is the same as the numbered position across ^ 
from the numbered position occupied by lead 180 in the' 
electrical connector 182. 

In FIG. 13. the electrically conductive path 188 connect- 
ing electrically conductive lead 190 of female electrical 
connector 192 and electrically conductive lead 15M of 65 
female electrical connector 196 does not extend through 
electrical device 198 on a surface of intermediate circuit 
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board 200. As shown, electrical connectors 192. 196 are not 
aligned with eadi other, and electrically conductive leads 
190. 194 are laterally offset from each other. Leads 190, 194 
do not correspond because lead 190 does not occupy a 
numbered position that is the same as the numbered posilion 
across from the numbered position occupied by lead 194 in 
the electrical connector 196. 

Refeiring now to FIGS. 14-16, alternative embodiments 
of an intermediate circuit board are shown from a front view 
along a plane Liice the front view of the intermediate circuit 
board in FIG. 6. 

In FIG. 14. the electrically conductive path 202 connect- 
ing electrically conductive lead 204 of male electrical con- 
nector 206 and electricaily conductive lead 208 of female 
electrical connector 210 does not extend through electrical 
device 212 on a surface of intermediate circuit board 214. As 
shown, electrical connecton 206. 210 are aligned with each 
other, and electrically conductive leads 204. 208 are laterally 
offset from each odicr. Leads 204« 208 do not correspond 
because they occupy different numbered positions within 
their respective electrical connectors. 

In FIG. 15, the electrically conductive padi 216 connect- 
ing electrically conductive lead 218 of female electrical 
connector 220 and electrically conductive lead 222 of 
fenuile electrical connector 224 extends through electrical 
device 226 on a surface of intermediate circuit board 228. As 
shown, electrical connectors 220. 224 are not aligned with 
each other, and electrically conductive leads 218, 222 are 
laterally offset from eadi other. Leads 218, 222 do not 
correspond because lead 218 does not occupy a numbered 
position that is the same as the numbered position across 
from the numbered position occupied by lead 222 in die 
electrical connector 224. 

In RG. 16, the electrically conductive path 230 connect- 
ing electrically conductive lead 232 of male electrical con- 
nector 234 and electrically conductive lead 236 of male 
electrical comiector 238 does not extend through electrical 
device 240 on a surface of intermediate circuit board 242. As 
shown, electrical connectors 234. 238 are not aUgned with 
each other, and electrically conductive leads 232. 236 are 
laterally offset from each other. Leads 232. 236 do not 
correspond because lead 232 does not occupy a numbered 
position that is the same as the numbered position across 
from the numbered position occupied by lead 236 in the 
electrical connector 238. 
Implementation of a System Bus 

Amodule stack like those described in FIGS. 1-16 can be 
used to implement various configurations of expandable 
computer system busses without using a baclqplane. In fact 
a single module stack can concurrently support multiple 
unrelated or related computer system busses, such as 
memoiy busses, PCI busses, SCSI busses, and expansion 
busses. These busses may interconnect a full range of 
electrical devices, including memory boards, video devices, 
i/o devices, SCSI controllers and other peripherals. A mod- 
ule can incorporate one or more of these electrical devices 
and be constnjcted so that it can occupy any position within 
the module stack. A module's eventual position in a module 
stack may be determined by the particular bus that is being 
configured and the type of functions that are performed by 
the electrical device(s) it contains. 

Computer system busses employ various numbers and 
types of bus signal lines. Some of these bus signal lines, such 
as address and data signals, may be shared by all modules 
attached to the bus. while other bus signal lines, such as bus 
grant signals, may be daisy-chained from one module to the 
next. Selecting electrical connectors of the type shown in 
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FIGS. 1-16 that have an appropriate number of leads can therefore, each module within a module stack needs to 

accommodate the variation in the number of bus signal lines. determine which dedicated bus signal lines are designated 

The principles of the invention as shown in FIGS. 1-16 can for it 

accommodate bus signal lines that are not shared by all This is achieved by sending each module within a module 

devices attached to a particular bus. such as, for exaiiq)ie. s stack a unique identtiier. Eadi module uses its Identifier to 

daisy-chained signals. select which dedicated bus signal lines that module may use. 

Implementation of a Bus with Daisy-chained Bus Signal Once a module has its identifier, it may send and receive 

^^^^ electrical signab on those dedicated bus signal lines that 

An example of a bus that uses daisy-chained bus signal have been designated for the position in the module stack 

lines is the Unibus. In FIG. 17, a simplified diagram of a lo that the module occupies. 

Unibus arbitration section is shown, taken from page 282 of Implementation of a Module Identifier 

Computer Engineering by C. Gordon Bell ct al.. published Referring now to FIG. 19. another embodiment is shown 

in 1978 by Digital Press, Bedford. Mass. The Um*bus 244 having two electrically-conductive paths or bus signal lines 

comprises two shared bus signal lines, the bus request line 276. 278. Bus signal lines 276. 278 arc for carrying electrical 

246 and the selection acknowledge (SACK) signal line 24«. 15 signals to each circuit board in module stack 280. The 

and daisy-chained grant signal lines 2S0a, 2S0i and 25ac. electrical signals carried by the two bus signal lines 276, 278 

Connected to the Unibus 244 is an arbitration device 252» coixespond to a module identifier, and can represent up to 

two controller devices 254. 256, and a bus tcnninaiing four unique stack positions within module stack 280. Using 

device 258. A central processor (CPU) 26# is connected to fewer or more bus signal lines will reduce or inacase. 

the arbitration device 252 by signal line 262. Whenever 20 respectively, the number of slack positions in a module stack 

either controUo- device 254 or device 256 wants to use the that can be uniquely identified by the bus signal lines. For 

Unibus 244 for a bus transaction, it asserts the shared bus exan^)le. three bus signal lines for the module identifier can 

request line 246, When the CPU 260 is able to receive an represent up to eight unique positions in the module stack, 

interruption, the arbitration device 252 asserts the bus grant In FIG. 19, bus signal Lines 276, 278 are shown to 

signal line 250a. Controller device 254 has arbitration logic 23 originate from the bottom circuit board 282. Because the bus 

264 that responds to the assertion of the bus grant signal line signal lines 276, 278 at bottom circuit board 282 are each 

250a. Arbitration logic 264 acknowledges receipt of the tied to ground (0 volt kvcl) through a diode and a resistor, 

asserted bus grant signal by asserting the SACK signal line the electrical signals on d)e bus signal lines 276. 278 

248. If controller device 254 has asserted the bus request line conrespond to a hinaiy module identifier of "00". Bus signal 

246, the arbitration logic 264 uses the asserted bus grant 30 line 276 carries the least significant bit of the binary module 

signal to initiate a bus transaction. Otherwise the arbitration identifier. The bus signal lines can also originate from 

logic 264 re^nds by asserting the bus grant signal line sources other than ground, such as, f<»exanq>le, CPU device 

250&. The bus grant signal on bus grant signal line 2506 is 281. and the electrical signals on the bus signal lines can 

received by the next controller device 256 in the daisy-chain. cmespoad initially to binary module Identifiers other than 

Controller device 256 also has arbitration logic 266, which 35 '*00". 

operates like arbitration logic 264. From bottom circuit board 282. bus signal lines 276, 278 

Referring now to FIG. 18. the elements are numbered the cany the electrical signals through the joined connectors 

same as com^nding elemems in FIG. 17, with an addl- 284, 286 to Intermediate circuit board 288. Electrical device 

tional prime (') mark. In HG. 18. the arbitration section of 290 on Intermediate circuit board 288 is in the paths of bus 

the Unibus 244* is shown as it may be implemented in a 40 signal lines 276, 278, and responds to the electrical signals 

module stack 268' using the principles of the present inven- carried diereon by modifying them. Once modified, the 

tion. The bottom circuit board 270^ comprises the arbitration electrical signals cosre^nd to a diffeient module identifier 

device 252' and the CPU 260*; the intermediate circuit board than when they were received by electrical device 290. In 

272' comprises the controller device 254*; and the top circuit this embodiment, electrical device 290 includes an adder 

board 274 comprises the controller device 256' and tenni- 45 component that increments the module identifier represented 

nating device 258'. The Unibus 244' comprises the two by the electrical signals it receives, making the electrical 

shared bus signal lines 246', 248', and daisy chained bus signals on bus signal lines 276. 278 correspond to binary 

signal lines 2S0a', 250^', 250c'. Arbitration device 252*, module identifier **0r when leaving electrical device 290. 

controller devices 254', 256*, and the terminating device 258' The voltage level carried by bus signal line 276 has been 

arc shown connected to the Um*bus bus 244'. Controller 50 changed from 0 volts lo a level that indicates a value, 

device 254' con^srises arbitration logic 264*, and controller whereas the voltage level on bus signal line 278 has 

device 256* comprises arbitration logic 266'. The CPU 260' remained unchanged at 0 volts. 

is shown connected to the arbitration device 252* by signal From electrical device 290 on intermediate circuit board 
line 262'. Tbc manner of arbitrating between the controUa 288. the bus signal lines 276, 278 carry the modified 
devices 254', 256* is unchanged from that described in ^e 55 electrical signals through the joined connectors 292, 294 to 
discussion of FIG. 17. top circuit board 296. Electrical device 298 on top circuit 
In4>lementation of a System Bus with Dedicated Bus Signal board 296 is in the paths of bus signal lines 276. 278. and 
Lines responds to the electrical signals carried tfaereoo by modi- 
Some bus configurations have bus signal lines that are lying thenL The twice-modified dectrical signals then ccr- 
dedicated for conmiunication between a motherboard (cr 60 respondtoadifferent module Identifier than when they were 
host ad^er) and a particular module atUched to the bus. In received by electrical device 298. In this en^bodiment 
a module stack, these dedicated bus signal lines may pass electrical device 298 includes an adder component that 
through intervening modules before reaching the intended increments the module identifier represented by the electri- 
module. Also, because modules can be genericaUy manu- cal signals it receives, making the electrical signals on bus 
factored without regard to their final stack position in die 65 signal lines 276. 278 correspond to binary module identifier 
module stack, they may not necessarily be pre-configured to "10^ when leaving electrical device 298. The voltage level 
connect to any particular dedicated bus signal lines. cairiedby bus signal line 278 has been changed from 0 volts 
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to a level that indicates a **P value, while the voltage level 
indicative of a "1" value carried by bus signal line 276 has 
changed to 0 volts. The electrical signals on bus signal lines 
276. 278 arc then supplied to electrical connector 300. 

In another embodiment, another circuit board may be 
joined to top circuit board 296 by electrical connector 300. 
In similar fashion to electrical devices 290. 298. an electrical 
device on this circuit board can produce the remaining 
unique module IdcntiAer. '*iV\ that can be fashioned using 
two bus signal lines. In other embodiments, electrical 
devices 290. 298 can modify the binary module identifier, as 
represented by the electrical signals, in ways other than by 
inaementing. For example* decrementing works as welL 
just so long as each electrical device produces a binary 
module identifier that is different from the binary module 
identifier it received and Is uniquely identifies a circuit board 
in the module stack. 

Receiving Inputs on Dedicated Bus Signal Lines 

One particular bus configuration, the Peripheral Compo- 
nent Interconnect (PCI) bus, requires that a unique address 
signal be directed into the IDSEL input of each PCI device 
attached to the PQ bus. Because modules may be generi- 
cally manufactured without regard to their final stack posi- 
tion in the module stack, they might not be pre-configured 
to receive any paiticular dedicated address signal. Thus, a 
module within a module stack uses its module identifier to 
detenniiie which address signal to direct to the IDSEL ioput 
of its PCI device. 

Referring now to FIG. 20. an implementation of a portion 
of a PCI bus on the module stack 302 is shown using die 
principles of the present invention so that a unique address 
signal can be directed into the IDSEL input of each circuit 
board within the module stack that has a PCI device. 

In FIG. 20, bottom circuit board 304 is shown having an 
electrical device 306 that sends address signals on bus signal 
lines 308, 310. 312, 314. Intermediate drcuit board 316 is 
shown having an electrical device 318 that receives bus 
signal lines 308. 310. 312. 314. Electrical device 318 also 
receives the electrical signals cofresponding to the Innaiy 
module identifier for intermediate circiut board 316 on bus 
signal lines 320. 322. Electrical device 318 includes a 
multiplexer component which selects one the bus signal 
lines 308, 310. 312, 314 as indicated by the binary module 
identifier received on bus signal lines 320, 322, and electri- 
cally connects the selected bus signal line to the IDSEL 
input 324 of PCI device 326. The address signal carried by 
that selected bus signal line is thereby uniquely directed to 
that IDSEL input 324. 

The numbea- of bus signal lines dedicated to carrying the 
binary module identifier determines the maximum number 
of address signals to choose from, and thus, the maximum 
number of circuit boards in the module stack 302 to which 
an address signal on bus signal lines 308, 310. 312. 314 can 
be uniquely directed. In this case, the two bus signal lines 
320. 322. can represent four unique address signals, which 
are carried by the four bus signal lines 308, 310, 312. 314. 
Consequently, there can be up to four circuit boards in the 
module stack 302 that can uniquely direct one of the four 
address signals to its IDSEL input. In another embodiment 
using three bus signal lines for the module identifier, each 
circuit board can select one of eight unique address signals, 
and thus, there can be up to eight circuit boards in a module 
stack implementing this feature. In this case of three bus 
signals lines, there may in fact be more than eight circuit 
boards in the module stack, but only eight of them can use 
the module identifier to select a unique address signal. 

Also in FIG. 20. top circuit board 328 is shown having an 
electrical device 330 which also receives bus signal lines 
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308, 310, 312. 314. Electrical device 330 also receives the 
electrical signals corresponding to the binary module iden- 
tifier of top circuit board 328 on bus signal lines 320. 322. 
Electrical device 330 includes a multiplexer component 

5 which selects one of the bus signal lines 308, 310. 312. 314 
as indicated by the binary module identifier received on bus 
signal lines 320. 322. and electrically connects the selected 
bus signal line to the IDSEL input 332 of PCI device 334. 
Because the binary module identifier received by top circuit 

10 board 328 is different from the binary module ideotifier 
received by intermediate circuit board 316. electrical device 
330 selects a different bus signal line to connect to the 
IDSEL input 332 of PCI device 334 than electrical device 
318 selects to connect to the IDSEL input 324 of PCI device 

15 326. Thus, a different address signal is directed to IDSEL 
input 332 than to IDSEL input 324. 
Outputting to Dedicated Bus Signal Lines 

One particular implementation of a PQ bus requires that 
PQ devices on the bus direct their interrupt requests to bus 

20 signal lines that are dedicated uniquely for that PQ device. 
The module with a PQ device may not necessarily be 
preconfigurcd to connect to any particular dedicated bus 
signal lines. Again, a module in a module stacic can use its 
module identifier to detenmne which bus signal lines to 

25 direct its interrupt requests to. 

Referring now to FIG. 21. an implementation of a portion 
of a PQ bus on the module stack 336 is shown using the 
principles of the present invention so that each circuit board 
with a PQ device can issue interrupt requests on bus signal 

30 lines that are to be used by only that draiit board. 

In FIG. 21. intermediate circuit board 338 is shown 
having an electrical device 340 that receives the electrical 
signals that correspond to the binary module identifier for 
intermediate circuit board 338 on bus signal lines 342, 344. 

35 Electrical device 340 indudes a decoder component ^^ch 
selects one of the bus signal lines 346. 348. 350. 352 as 
indicated by the binary module Identifier received on bus 
signal lines 342. 344. and electrically connects the selected 
bus signal line to the INTA output 354 of PQ device 356. 

40 The niunber of bus signal lines cc»responding to the binary 
module identifier determines the number of bus signal lines 
from which to select an output connection. In this 
embodiment, the two bus signal lines 342. 344 for carrying 
the binary module idenllfia allow for four possible bus 

45 signal lines 346. 348, 350. 352. from whidi one is chosen to 
be connected to the INTAou^ut 354. Htus, up to four circuit 
boards in module stack 336 can have their own dedicated 
• bus signal line fca- INTA interrupt requests. In another 
embodiment using diree bus signal lines for the module 

50 identifier, up to eight circuit boards in a module stack can 
uniquely select a bus signal line to which it can direct an 
INTA interrupt request. There may in fact be more than eight 
circuit boards in the module stack, but only eight of them can 
use die module identifier to select a unique bus signal line 

55 that has been dedicated to carry the request 

Abo, in FIG. 21. top circuit board 358 is shown having an 
electrical device 360 that receives the electrical signals 
corresponding to the binary module identifier for top circuit 
t>oard 358 on bus signal lines 342. 344. Electrical device 360 

60 indudes a decoder con4>onent which selects one of the bus 
signal lines 346. 348, 350. 352 as indicated by the binary 
module idcntifia received on bus signal lines 342. 344. and 
electrically connects the seleaed bus signal line to the INTA 
output 362 of PQ device 364. Because the binary module 

65 identifier received by top circuit board 358 is different from 
the binary module identifier received by intermediate circuit 
board 338 (see Implementation of a Module Identifier). 
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electrical device 360 selects a different bus signal line to 
connect to the INTA output 362 of PCI device 364 than 
electrical device 340 selects to connect to the INTA output 
354 of PQ device 3S6. 

Rcfeirlng now to FIG. 22. an embodimcot that accora- 5 
modates Oie four Intenupt request outputs (IKTA, INTB. 
INTC and ISTU) of a PCI device is shown on intermediate 
circuit board 366. FIG. 22 shows four sets 368. 370, 372. 
374 of four dedicated bus signal lines that arc designated to 
carry interrupt requests from PCI devices on the system bus. lo 
Each set 368. 370. 372. 374 dedicates one of its bus signal 
lines for each interrupt request output INTA 376, INTB 378. 
INTC 380, and INTO 382 of PCI device 384, Also, each set 
368. 370. 372. 374 is designated for use by only one circuit 
board in a module stack; thus, the number of sets of is 
dedicated bus signal lines that are designated to cany 
interrupt requests determines the number of circuit boards in 
a module stack that can use dedicated bus signal lines for 
that purpose. Increasing the number of such sets to eight and 
the number of bus signal lines fcH' the module identifier to 20 
three allows the module stack to support eight circuit boards. 

Also shown in FIG. 22 are four electrical devices 386. 
388. 390. 392 on intermediate circuit board 366. Each 
electrical device 386. 388. 390. 392 is associated with one 
of the four interrupt request ou^s. INTA 376. INTB 378. 25 
INTC 380. and INTO 382. respectively, of PCI device 384, 
and directs that associated intenrupt request output to one oi 
the four bus signal lines dedicated to that output: Electricai 
devices 386. 388. 390. 392 each include a decoder conr^ 
nent whidi selects one of the four bus signal lines dedicated 30 
to its associated interrupt request output INTA 376. INTB 
378. INTC 380. or INTD 382. respectively, as indicated by 
the binary module identiiier received on bus signal lines 394. 
396. and electrically connects the selected bus signal line to 
that associated interrupt request ou^ut Because each elec- 35 
trical device 386. 388, 390, 392 on intermediate circuit 
board 366 uses the same binary module identifier to select a 
bus signal line, all electrical devices 386, 388. 390. 392 will 
select a bus signal line from the same set of dedicated bus 
signal lines. 40 
LnplementatioD of PCI Bus Arbitration 

Referring now to FIG. 23. intranediate circuit board 398 
illustrates ao embodiment implementing PCI bus arbitration. 
When PCI device 400 wants to access the system bus it 
sends bus request signals to electrical device 402 on REQ 43 
output 404. Electrical device 402 includes a decoder com- 
ponent which selects one of the bus signal lines 406. 408, 
410. 412. as indicated by the binary module identiiier 
received on bus signal lines 414. 416. and directs the bus 
request signals from &e REQ output 404 of PCI device 400 50 
to that selected bus signal line. 

To receive permission to access the system bus. electrical 
device 418. which includes a multiplexer component for 
selecting one the bus signal lines 426. 428. 430. 432 as 
indicated by the binary module identifier received on bus 55 
signal lines 414, 416. directs bus grant signals from the 
selected bus signal line to the GNT input 420 of PCI device 
400. As shown, electrical device 422 also receives electrical 
signals conesponding to a binary module identifier on bus 
signal lines 414. 416. for modifying the binary module 6o 
identifier, and supplying the modified binary module iden- 
tifier to electrical connector 424. 

It is to be understood that the above-described embodi- 
ments are simply illustrative of the principles of the inven- 
tion. Various other modifications and changes may be made 65 
by those skilled in the art which will embody the principles 
of the invention and fall within the spirit and scope thereof 
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What is claimed is: 

1. An apparatus, comprising: 

a first circuit board having surfaces on opposite sides 
thereof, each of the surfaces having an electrically 
conductive surface region; 

a first electrical connector on one of the surfaces of the 
first circuit board, the first electrical connector having 
an electrically conductive contact disposed on that one 
of the surfaces adjacent to the electrically conductive 
surface region, the contact being secured to that elec- 
trically conductive surface region widiout penetrating 
the first circuit board; 

a second electrical connector on the other surface of the 
first circuit board, the second electrical connector hav- 
ing an electrically conductive contact disposed on the 
other surface adjacent to that electncally conductive 
surface region, the contact being secured to that elec- 
trically conductive surface region without penetrating 
the first drcttit board, wherein each of the electrical 
connectors are for joining to and electrically commu- 
nicating with an associated electrical connector on 
another circuit board to conduct electrical signals ther- 
ebetween; 

an electrically conductive path connecting the two 
contacts, electrical signals received by one of the 
contacts of one of die electrical connectors on the first 
circuit board from a first associated electrical connectOT 
when joined thereto being supplied along the electri- 
cally conductive path to a second associated electrical 
connector on yet another circuit board through the other 
of the contacts of the other of the electrical connectors 
on the first circuit board when the second associated 
electrical connector is joined thereto; and 

an electrical device in the electrically conductive path 
between the two electrical connectors on the first circuit 
board. 

2. The apparatus of claim 1. wherein the electrically 
conductive path connecting the two contacts extends 
through the first circuit board 

3. The apparams of daim 1. wherein die two electrical 
connectors oo the first circuit board are in alignment. 

4. The apparatus of daim 1, wherein the two dectrical 
connectors on the first circuit board are fenude. 

5. The apparatus of daim I, wherdn the two dectrical 
connect<»s on the first circuit board are male. 

6. The apparatus of claim 1. wherein the electrical device 
indudes a component (hat modifies dectrical signals sup- 
plied to the electrical device. 

7. The apparatus of claim 1. wherein the contact o/[ first 
electrical connector extends substantially orthogonal from 
the first electrical conneaor and substantially parallel to that 
one of the surfaces. 

8. The apparatus of daim 1 wherein the contact of the 
second electrical connector is laterally offset from the con- 
tact of the first electrical connector. 

9. A computer system, comprising: 
a housing; 

a motherboard secured to the housing, the motherboard 
having an electrical connector secured on one of the 
surfaces thereof for transmitting electrical signals 
therethrough, the electrical signals corresponding to a 
first module identifier; 

modules induding a first module having an electrical 
connector secured on a surface ttiereof. the first module 
being disposed adjacent to the motherboard so that the 
electrical connector on the first module is joined to and 
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in electrical communication with the electrical connec- 
tor on the motherboard, the first module for receiving 
the electrical signals from the rootheiboard through the 
joined electrical connectors; 
a plurality of electrically conductive paths electrically 
connecting eadi of the modules to the motherboard; 
and 

an electrical device on the first module coupled to the 
electrically conductive paths, the electrical device for 
receiving the electrical signals and. in response to the 
first module identifier, selecting one of the electrically 
conductive paths to dedicate that selected path for 
electrical communication between the motherboard and 
the first module exclusively for as long as the con^uter 
system operates. 

10. The computer system csi claim 9. further con^rising: 
a Peripheral Component Interconnect (PCI) device on the 

first module; and wherein the electrically conductive 
paths operate as a PCI bus and the electrical device on 
the first module electrically couples the selected elec- 
trically conductive path to a Peripheral Component 
Interconnect (PCI) device on the first module. 

11. The computer system of daim 10. wherein ttie 
selected electrically conductive path is coupled to an inter- 
rupt output of the PO device. 

. 12. TTie computer system of claim 10, wherein the PCI 
device has an IDSEL input and the selected electrically 
conductive path is coupled to IDSCL input of die PCI 
device, 

13. The compute* system of claim 9.' wherein the surface 
has an electrically conductive surface region, and the elec- 
bical connector on the first module has an electrically 
conductive contact disposed on the surface adjacent to the 
electrically conductive surface region, the contact being 
secured to that electrically conductive surface region with- 
out penetrating the first module. 

14. The computer system of claim 9, wherein the first 
module includes: 

another electrical connector secured on an opposite sur- 
face of the first module, the opposite surface having an 
electrically conductive surface region, the other elec- 
trical connector of the first module having an electri- 
cally conductive contact disposed on the opposite sur- 
face adjacent to that electrically conductive surface 
region, die contact being secured to that electrically 
conductive surface region without penetrating the first 
module; and 

a second electrical device on the first module for receiving 
and modifying the first module identifier to produce 
modified electrical signals corresponding to a second 
module identifier, and wherein die modules include a 
second module having an electrical connector secured 
to a surface thereof, the surface of the second module 
having an electrically conductive surface region, the 
electrical connector of the second module having an 
electrically conductive contact disposed on that surface 
adjacent to that electrically conductive surface region, 
the contact being secured to that electrically conductive 
surface region without penetrating the second module, 
the second module being disposed adjacent to the first 
module so that the electrical connector on the second 
module is joined to and in electrical communication 
with the odier of the two electrical connectors on the 
first module, the second module for receiving the 
modified electrical signals corresponding to the second 
module identifier from the first module through the 
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electrical connector on the second module which is 
joined to the other of the two electrical connectors on 
the first module: and 
an electrical device on the second module coupled to the 

5 electrically conductive paths, the electrical device on 
the second module for receiving the second module 
identifier and, in response to the second module 
identifier, selecting another one of the electrically con- 
ductive paths to dedicate that selected another one of 

IQ the electrically conductive paths for electrical commu- 
nication between the motherboard and the second mod- 
ule exclusively as long as the computer system oper- 
ates. 

15. The computer system of claim 9. wherein the second 
j3 electrical device on the first module includes a component 

that increments the first module Identifier to produce the 
second module identifier. 

16. The computer system of claim 14. wherein the moth- 
erboard is substantially paraUel to the first module and the 

20 first module is substantially parallel to the second module. 

17. The ^paratus of claim 16. wherein tfie motherboard 
being Joined to the first module and the first module being 
joined to the second module form a vertical stack of modules 
in the housing. 

25 IS. The apparatus of claim 16. wherein the motherboard 
being Joined to the first module and the first module being 
Joined to the second module form a horizontal stack of 
modules in the housing. 

19. The computer system of claim 14, whereb the first 
3Q module and the second module are memory boards. 

20. The computer system of claim 14. wherein die first 
module is an input/ou^t module and ttie second module is 
a video module, 

21. The computer system of claim 14, wherein die elec- 
35 trical connector on the second module is a first electrical 

connector on the second module, and wherein the second 
module has a second electrical connector secured on an 
opposing surface of the second module firom the first elec- 
trical connector on the second module, the opposing surface 
^ having an electrically conductive surface region, the second 
electrical conneaor of die second module having an elec- 
trically conductive contact disposed on the exposing surface 
adjacent to that electrically conductive surface region, the 
contact being secured to that electrically conductive surface 
45 region without penetrating the second module; and wherein 
the modules Include: 

a third module having an electrical connector secured to 
a surface thereof, die surface of the third module having 
an electrically conductive surface region, the electrical 
50 connecter of the diird module having an electrically 
conductive contact disposed on diat surface adjacent to 
that electrically conductive surface region, the contact 
being secured to that electrically conductive surface 
region without penetrating the third module the third 
55 module being disposed adjacent to the second module 
so that the electrical connector on the third module is 
joined to and in electrical communication with the 
second electrical connecto* on the second module. 

22. A method for interconnecting a plurality of modules in 
^ a module stack in a computer system, comprising the steps 

of: 

providing a plurality of electrically conductive paths to 
each of a plurality of modules arranged in a module 
stack, the modules including a first module and a 
6s second module; 

sending electrical signals corresponding to a first module 
identifier from the first module in the module stack to 
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the second module in the module stack through an 
electrical connector oo the first module that Is Joined to 
and in electrical communication with an electrical 
connector on the second module; 

receiving the electrical signals by an electrical device on ^ 
one of the opposing surfaces of the second module 
through the joined electrical connectors; and 

selecting, in response to the first module identifier, one of 
the electrically conductive paths to dedicate that 
selected path for electrical conununication between the 
first module and the second module exclusively for as 
long as the computer system operates. 

23. The method of claim 22. wherein the electrically 
conductive paths operate as a Peripheral Con^nents Inter- 
connect (PCI) bus. and further comprising the step of: 

electrically coupling the selected electrically conductive 
path to a PQ device on the second module. 

24. The method of claim 22, further conqsrising the steps 
of: 
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modifying the electrical signals received by the electrical 
device on the second module to produce modified 
electrical signals corresponding to a second module 
identifier; and 

sending the modified electrical signals corresponding to 
the second module identifier from the second module to 
a third module in the module stack through a second 
electrical connector on the second module that is on the 
opposing surface of the second module than the other 
electrical connector on the second module and is joined 
to and in electrical communication with an electrical 
connector on the third module; and 

selecting, in response to the second module identifier, 
another one of the electrically conductive paths to 
dedicate that that selected another one of the electri- 
cally conductive padis for electrical communication 
between the fiirst module and the third module exclu- 
sively for as long as tiic computer system operates. 
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